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[57] ABSTRACT 

A method of determining the amount of the substances 
or ions contained in an ionic solution or a non-deionized 
solution by measuring the frequency of a one side barri 
er-covered crystal oscillator comprising a crystal oscil 
lator, a barrier to cover over one of the electrodes of the 
crystal oscillator through a predetermined insulative 
space so as to prevent the ionic solution or the non 
deionized solution from permeating therethrough and 
an adsorption ?lm cast on the other electrode of the 
crystal oscillator, in situ in the state that the one side 
barrier-covered crystal oscillator is dipped in the ionic 
solution or the non-deionized solution, and the one side 
barrier-covered crystal oscillator used therefor. 

4 Claims, 2 Drawing Sheets 
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METHOD OF DETERMINING THE AMOUNT OF 
THE SUBSTANCES OR IONS CONTAINED IN AN 

IONIC SOLUTION OR A NON-DEIONIZED 
SOLUTION AND A 

ONE-SIDEBARRIER-COVERED CRYSTAL 
OSCILLATOR USED THEREFOR 

TITLE OF THE INVENTION 

A Method of Determining the Amount of the Sub 
stances or Ions Contained in an Ionic Solution or a 
Non-Deionized Solution and a One Side Barrier-Cov 
ered Crystal Oscillator Used Therefor. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
This invention relates to a method of determining the 

amount of the substances or ions contained in an ionic 
solution or a non-deionized solution and a one side 
barrier-covered crystal oscillator used therefor, and 
more particularly to a method of determining in situ the 
amount of the substances or ions contained in an ionic 
solution or a non-deionized solution by use of a one side 
barrier-covered crystal oscillator. 

(2) Description of the Prior Art 
Determination of the amount of the substances or 

ions contained in an ionic solution or a non-deionized 
solution by use of the crystal oscillator has to be carried 
out by a process in which measurements of frequency of 
the crystal oscillator are effected in distilled water or 
deionized water separately from the ionic solution or 
the non-deionized solution, ‘because the use of the crys 
tal oscillator by dipping it into the ionic solution or the 
non~deionized solution as it is, causes substantially no 
oscillation, resulting in making substantially impossible 
the afore-mentioned determination, or making impossi 
ble accurate determination of the amount of the sub 
stances or ions contained in the ionic solution or the 
non-deionized solution, depending on the concentration 
of ions in the ionic solution or the non-deionized solu 
tion. 
There have been proposed, for example, (1) a method 

of determining the amount of substances contained in 
the ionic solution or the non-deionized solution, which 
comprises setting a crystal oscillator in a flow cell, 
allowing distilled water to ?ow therethrough, allowing 
the ionic solution or the non-deionized solution to flow 
therethrough for adsorbing the substances contained 
therein onto the crystal oscillator, and allowing distilled 
water to flow therethrough for measuring the fre 
quency of the crystal oscillator as used in the studies of 
the antigen-antibody reaction; (2) a method of determin 
ing the amount of ions contained in the ionic solution or 
the non-deionized solution, which comprises holding a 
crystal oscillator between two cells, ?lling one of the 
cells with the ionic solution or the non-deioniied solu 
tion and the other with distilled water so that the ionic 
solution or the non-deionized solution and the distilled 

' water may be brought_into contact with each of the 
both electrodes of the crystal oscillator respectively, 
and measuring the frequency of the crystal oscillator as 
employed in the determination of the amount of the 
heavy metal ion; and (3) a method of determining the 
amount of ions contained in the ionic solution, which 
comprises setting horizontally the crystal oscillator, 
mounting a case on the upper side only of the crystal 
oscillator, ?lling the case with the ionic solution or the 
non-deionized solution, and measuring the frequency of 
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2 
the crystal oscillator as employed in the determination 
of the heavy metal ion. 
Of these prior art methods, the ?rst method (1) needs 

a large amount of ionic solution or non-deionized solu 
tion in the flow system and is disadvantageous when the 
adsorption and desorption take place reversibly, the 
second method (2) is based on the fact that the crystal 
oscillator is insensitive to the weight on a crystal plate 
part other than the electrode part, in other words, the 
fact that the crystal plate part other than the electrode 
part does not participate in oscillation, but raises prob 
lems of strength as the size of the cell is increased, be 
cause the crystal oscillator is formed by use of a thin 
crystal plate, and the third method (3) is based on the 
fact that the crystal oscillator is insensitive to the weight 
on the crystal plate part other than the electrode part as 
in the second method (2), but has such drawbacks as to 
make temperature control dif?cult and make stirring 
impossible. 

SUMMARY OF THE INVENTION 

It is an object of the .present invention to provide a 
method of determining the amount of the substances or 
ions contained in the ionic solution or the non-deionized 
solution by use of a one side barrier-covered crystal 
oscillator, and the one side barrier-covered crystal os 
cillator used therefor, which are capable of determining 
the amount of the substances or ions contained in the 
ionic solution or the non-deionized solution by measur 
ing the frequency of the one side barrier-covered crys 
tal oscillator in situ in the state that the one side barrier 
covered crystal oscillator is dipped in the ionic solution 
or the non-deionized solution with easy temperature 
control and stirring in the measurement of the fre 
quency without needing a large amount of ionic solu 
tion or non-deionized solution and of distilled water or 
without using the large-sized cell, and'to provide the 
one side barrier-covered crystal oscillator used there 
for. 

It is another object of the present invention to pro 
vide a method of determining the amount of odor sub 
stances and/or bitter substances contained in the ionic 
solution or the non-deionized solution by use of the one 
side barrier-covered crystal oscillator and by measuring 
its frequency in situ in the state that the one side barrier 
covered crystal oscillator is dipped in the ionic solution 
or the non-deionized solution, and to provide the one 
side barrier-covered crystal oscillator used therefor. 

It is still another object of the present invention to 
provide a method of determining the amount of the 
odor substances and/or bitter substances contained in 
the physiological saline solution asthe ionic solution by 

~ use of a one side barrier-covered crystal oscillator and 
by measuring its frequency in situ in the state that the 
one side barrier-covered crystal oscillator is dipped in 
the physiological saline solution, and to provide the one 
side barrier-covered crystal oscillator used therefor. 

It is still another object of the present invention to 
provide a method of determining the amount of the 
bivalent metal ions such as Ca2+, Mg2+, Mn2+ and the 
like, particularly Ca2+ ion contained in the serum or 
body fluids, as the ionic solution by use of the one side 
barrier-covered crystal oscillator and by measuring its 
frequency in situ in the state that the one side barrier 
covered crystal oscillator is dipped in the serum or body 
fluids, and to provide the one side barrier-covered crys 
tal oscillator used therefor. 
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Firstly, the present invention provides a method of ' 
determining the amount of the substances or ions con 
tained in an ionic solution or a non-deionized solution 
by use of a crystal oscillator, which method comprises 
covering over one of the electrodes of the crystal oscil 
lator through a predetermined insulative space substan 
tially without being brought into contact therewith 
with a barrier to prevent the ionic solution or the non 
deionized solution from permeating therethrough, cast 
ing an adsorption ?lm onto the other electrode of the 
crystal oscillator, dipping the one side barrier-covered 
crystal oscillator into the ionic solution or the non 
deionized solution, adsorbing the substances contained 
in the ionic solution or the non-deionized solution onto 
the adsorption ?lm or chemically bonding the ions 
therein with the adsorption ?lm, and measuring fre 
quency changes between before and after the adsorp 
tion or chemical bonding in situ in the state that the one 
side barrier-covered crystal oscillator is dipped in the 
ionic solution or the non-deionized solution to deter 
mine the amount of the substances or ions contained in 
the ionic solution or the non-deionized solution. 

Secondly, the present invention provides a one side 
barrier-covered crystal oscillator used in the aforemen 
tioned method of determining the amount of the sub 
stances or ions contained in the ionic solution or the 
non-deionized solution, said one side barrier-covered 
crystal oscillator comprising a crystal oscillator, a bar 
rier to cover over one of the electrodes of the crystal 
oscillator through a predetermined insulative space so 
as to prevent the ionic solution or the non-deionized 
solution from permeating therethrough, and an adsorp 
tion ?lm cast on the other electrode of the crystal oscil 
lator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view showing a ?rst em 
bodiment of the one side barrier-covered crystal oscilla 
tor of the present invention, where l is a crystal plate, 
20 and 2b are electrodes, 60 and 6b are adhesives, 7' is a 
silicone rubber material, 3 is an insulative space, 8 is a 
plastic sheet, and 4 is an adsorption ?lm a barrier 5 being 
composed of adhesive 60 and 6b, silicone rubber mate 
rial 7 and plastic sheet 8. 
FIG. 2 is a cross-sectional view showing a second 

embodiment of the one side barrier-covered crystal 
oscillator of the present invention, where 1 is a crystal 
plate, 20 and 2b are electrodes, 9 is an adhesive, 3 is an 
insulative space, 10 is a plastic sheet cover, and 4 is an 
adsorption ?lm a barrier 5 being composed of adhesive 

- 9 and plastic cover sheet 10. 
FIG. 3 is a cross-sectional view showing a third em 

bodiment of the one side barrier-covered crystal oscilla 
tor of the present invention, where 1 is a crystal plate, 
2a and 2b are electrodes, 3 is an insulative space, 5 is a 
barrier formed integrally with the crystal plate 1, and 4 
is an adsorption ?lm. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The ionic solution in the present invention may be 
any solution which contains ion, normally at a concen 
tration of 0.01M to 0.8M, and may include the ionic 
solutions which are generally used in the ?elds of elec- - 
trochemistry and biochemistry. Examples of the ionic 
solution include ionic solutions used in studies of the 
antigen-antibody reaction, ionic solutions used in the 
determination of the amount of heavy metals, ionic 
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4 
solutions used in the determination of the amount of 
odor substances, bitter substances and the like, physio 
logical saline solutions containing odor substances, bit 
ter substances and the like, the serum or body fluids 
containing bivalent metal ions such as Ca2+, Mg“, 
Mn2+, etc., and the like. 
The non-deionized solution used in the present inven 

tion may include any aqueous system, in which it is 
substantially impossible to measure the frequency of the 
crystal oscillator for the determination of the substances 
and/or ions contained therein as the crystal oscillator is 
dipped therein, such as aqueous solution, aqueous dis 
persion, aqueous emulsion, aqueous suspension and the 
like, except for distilled water and deionized water. 
Examples of the non-deionized solution may include 

non-deionized water, non-deionized aqueous solution, 
non-deionized aqueous emulsion, non-deionized aque 
ous colloidal dispersion and the like. 

Speci?c examples of the non-deionized solution may 
include alcoholic drinks such as beer, sake, whisky, 
low-class distilled spirits, wine and the like, drinks such 
as milk, milk with coffee, coffee, black tea, green tea 
and the like, soft drinks such as fruit juice, soda drinks 
and the like, tap water, sewage, river water, lacustrine 
water, and the like. 
The substances contained in the ionic solution or the 

non-deionized solution and determined according to the 
method of the present invention include any substances 
which are adsorbed onto the adsorption ?lm cast on the 
electrode of the crystal oscillator, and the amount of 
which is determined by measuring the frequency 
change due to the adsorption. Examples thereof include 
odor substances, bitter substances and the like. I 
The bitter substances used in the present invention 

are not speci?cally limited so long as they are adsorbed 
onto the adsorption ?lm of the present invention, and 
may include acidic substances such as inorganic and 
organic acids, basic substances such as inorganic and 
organic bases, for example, caustic soda, ammonia, pyri 
dine, triethylamine and the like, inorganic and organic 
salts, medicines, agricultural chemicals, and the like. 
The typical examples of the bitter substances include 

strychnine, quinine, nicotine, phenylthiourea, papaver 
ine, caffeine, naringin, octaacetyl sucrose, oligopeptide, 
and the like. , 

The odor substances used in the present invention are 
not speci?cally limited so long as they are adsorbed 
onto the adsorption ?lm of the present invention, and, in 
a broad sense, may include perfumes, anesthetics, 
malodorants, medicines, agricultural chemicals, and the 
like. 
The typical examples of the odor substances in a 

narrow sense include B-ionone, aliphatic alcohols such 
as octanol, camphor, amylacetate, vanilline, ethylbuty- ‘ 
late, phenol, aldehydes, and the like. 

Typical examples of the perfumes include P-anisalde~ 
hyde, l-undecanol, anisalcohol, anisol, phenylethyl ace 
tate, citral, methyl salicylate, benzyl acetate, tetrahy 
d‘rogeraniol, terpineol, geranyl acetate, and the like. 
Examples of the general anesthetics as the com 

pounds having narcosism in the aforementioned anes 
thetics are shown in Table I. In Table l, potency is a 
value representing intensity of the anesthetics and is 
shown as values obtained by use of a tadpole. 
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TABLE 1 

Anesthetic 
No. Compounds Potency 

l methanol 1.00 
2 ethanol 2.43 
3 acetone 3.47 
4 l-propanol 9.43 
5 butanone 1.20 X 10 
6 diethyl ether 2.99 X 10 
7 l-butanol 443 X 10 
8 paraldehyde 5.44 X 10 
9 benzylalcohol 5.01 X ll)2 
10 chloroform 7.62 X 102 
11 l-hexanol 1.12 x 103 
12 halothane 4.47 X 103 
13 methoxy?urane 4.86 >< 1o3 
14 l-octanol 7.93 x 103 
15 pentane 1.51 >< 104 
16 l-nonanol 4.03 X 104 
17 hexane 6.75 x 104 
18 l-decanol 1.00 >< 105 

Examples of the malodorants include malodor-emit 
ting substances selected from ketones, amines, imines, 
aldehydes such as acetaldehyde, organic acids and the 
like, sulfur compounds such as methyl mercaptan, hy 
drogen sul?de, methane sul?de, methyl disul?de and 
the like, styrene, mixtures thereof, malodor-emitting 
substances selected from various kinds of industrial 
wastes and mixtures thereof, foul breath-producing 
substances and mixtures thereof, and the like. 
The ions contained in the ionic solution or the non 

deionized solution and determined according to the 
method of the present invention include any ions which 
are chemically bonded with the adsorption ?lm. Exam 
ples of the aforementioned ions include bivalent metal 
ions such as Ca2+, Mg2+, Mn2+ and the like. For exam 
ple, an immobilized bilayer ?lm as the adsorption ?lm 
selectively forms a complex with a phosphoethanola 
mine based phospholipid bilayer adsorption film to be 
speci?cally bonded therewith. 
According to the method and the one side barrier 

covered crystal oscillator of the present invention, one 
of the electrodes of the crystal oscillator is covered 
through a predetermined insulative space substantially 
without being brought into contact therewith with a 
barrier to prevent the ionic solution or the non-deion 
ized solution from permeating therethrough, and an 
adsorption ?lm is cast onto the other electrode of the 
crystal oscillator. 
The electrode of the crystal oscillator used in the 

present invention may include a silver or aluminum 
electrode, which has a tendency to exhibit an unstable 
oscillation due to dissolution in the ionic solution or the 
like. Preferred examples of the electrode include those 
made of the inactive and depositable metals such as 
gold, platinum and the like. 
The adsorption ?lm, which is cast on the electrode 

and on which the substances contained in the ionic 
solution or the non-deionized solution are adsorbed to 
be used in the present invention, may include the immo 
bilized bilayer ?lm and a polymer ?lm comprising a 
polymer alone, a mixture of polymers, or a mixture of 
the polymer or polymers with a monomer or a low 
molecular weight compound. 
The immobilized bilayer ?lm used as the adsorption 

?lm may include those prepared by immobilizing, by 
use of polymers, (i) synthetic lipids such as ammonium 
salts, sulfonates, carboxylates in the form of trialkyl, 
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6 
dialkyl and/or monoalkyl as represented by the for 
mula: 

where a and b represent a hydrophilic group moiety 
such as -—N+(CH3)3, -—SO3-, P0431 , polyol, poly 
ether or the like, C1, Cm and C,, represent a hydrophobic 
group moiety such as alkyl group, fluoroalkyl group, 
alkylene group having a C3 or higher carbon chain in 
total, or the like, and X represents a rigid segment such 
as diphenylazomethine group, biphenyl group, naphtha 
lene group, anthracene group or the like, and/or (ii) 
natural lipids such as phosphatidyl choline, phosphati 
dyl serine and the like as represented by the formula: 

Cm 

a where Cm and C” are as de?ned above. 

Cn 

Speci?c examples of the immobilized bilayer ?lm 
used in the present invention include (i) ?lms prepared 
by blending the synthetic lipid and/ or natural lipid with 
high-molecular compounds such as polyvinyl chloride, 
polystyrene, polycarbonate, polyvinyl alcohol, acetyl 
cellulose and the like, followed by casting; (__ii) ?lms 
prepared by impregnating pores of ?lters having a mi 
croporous structure such as milipore?lter, and the like, 
with a chloroform solution of the synthetic lipid and/or 
natural lipid, followed by drying; (iii) ?lms obtained by 
dissolving a polyion complex powder prepared by mix- ' 
ing an aqueous dispersion of the synthetic lipid and/or 
natural lipid having a cationic, .hydrophilic group with 
an aqueous solution of an anionic high-polymer such as 
polystyrene sulfonic acid, heparin, polyvinylsulfonic 
acid, polyacrylic acid, polyglutamic acid, and the like in 
chloroform, followed by casting; (iv) polyion complex 
type bilayer ?lms composed of the lipid having an ani 
onic hydrophilic group and cationic high polymer such 
as polyallylamine, polyethylene imine, quaternary 
polyaminostyrene and the like; (v) Langmuir-Blodgett 
type multibilayer ?lms composed of the synthetic lipid 
and/or combined with high molecular compounds; (vi) 
combined ?lms of (i)—(v) with a polymer ?lm; (vii) 
combined ?lms of (i)—(vi); and the like. The above ?lm 
(vi) may prevent adverse effects due to moisture. 
Examples of the immobilized bilayer ?lm, which is 

cast on the electrode of the crystal oscillator and is 
chemically bonded with ions contained in the ionic 
solution, particularly the bivalent metal ions, include 
phosphoethanolamine based phospholipid bilayer ?lm, 
and the like. 
The polymers of the polymer ?lms used as the ad 

sorption ?lm in the present invention may include syn 
thetic organic polymers, natural organic polymers, syn 
thetic inorganic polymers, and natural inorganic poly 
mers. Examples of the above synthetic organic poly 
mers include polystyrene, polyvinyl chloride, synthetic 
resins, synthetic rubber and the like. Examples of the 
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above natural organic polymers include cellulose, 
starch, natural rubber, protein and the like. Examples of 
the above synthetic inorganic polymers include poly 
chlorinated phosphonitrile and the like. Examples of the 
above natural inorganic polymers include mica, asbes 
tos and the like. 

Generally, the above polymer ?lm selectively act 
depending on the types of the substances contained in 
the ionic solution or the non-deionized solution. For 
example, 'y-methyl-L-glutamate is preferably used as 
the polymer ?lm for lower aliphatic acid esters as the 
odor substances, polystyrene or polyvinyl chloride is 
preferably used as the polymer ?lm for low molecular 
weight ketones as the odor substances, polyvinyl alco 
hol is preferably used as the polymer ?lm for low mo 
lecular weight carboxylic acids as the odor substances, 
polystyrene is preferably used as the polymer ?lm for 
styrene as a malodorant. 
The polymer ?lm used as the adsorption ?lm, which 

is cast on the one side barrier-covered crystal oscillator 
and chemically bonds with ions contained in the ionic 
solution or the non-deionized solution, may include, for 
example, any polymer ?lms having a functional group 
to bond with the ion. 
The step of covering one of the electrodes of the 

crystal oscillator in the method of the present invention 
is not speci?cally limited so long as the electrode is 
covered through a predetermined insulative space' sub 
stantially without being brought into contact therewith 
with a barrier to prevent the' ionic solution or the non 
deionized solution from permeating therethrough. 
For example, according to a ?rst embodiment of the 

step of covering the electrode as shown in FIG. 1, elec 
trodes 2a and 2b are deposited on a crystal plate 1, and 
the electrode 2b is covered thereover with a barrier 5 
which is formed by adhering a silicone rubber or plastic 
material 7 on the crystal plate 1 around the electrode 217 
with a silicone based polymer adhesive 6d followed by 
adhering thereon a plastic sheet 8 with a silicone based 
polymer adhesive 6b, or by adhering the plastic sheet 8 
on the silicone rubber or plastic material 7 with the 
silicone based polymer adhesive 6b followed by adheri 
ing the silicone rubber or plastic material 7 on the crys 
tal plate 1 around the electrode 2b with the silicone 
based adhesive 60 so that the electrode 2b may be cov 
ered through a predetermined insulative space 3 with 
the barrier thus formed substantially without being 
brought into contact therewith. An adsorption ?lm 4 is 
cast on the electrode 20. 
According to a second embodiment of the step of 

covering the electrode as shown in FIG. 2, the elec 
trode 2b is covered with a barrier 5 which is formed by 
adhering a plastic sheet cover 10 onto the crystal plate 
1 around the electrode 2b with a silicone based polymer 
adhesive 9 so as to be sealed and form a predetermined 
insulative space 3. ' 

According to a third embodiment of the step of cov 
ering the electrode as shown in FIG. 3, the electrode 2b 
is covered with a barrier 5 formed integrally with the 
crystal plate 1 so as to cover the electrode 2b through a 
predetermined insulative space 3. . 
The predetermined insulative space is not speci?cally 

limited, so long as electrical conductivity between both 
electrodes is broken therethrough, but normally in the 
range of 0.5 to 5 mm, preferably 1 to 2 mm as a distance 
from the surface of the electrode in the vertical direc 
tion to the surface of the electrode. 
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When the above insulative space is less than 0.5 mm, 

breaking of electrical conductivity between both elec 
trodes may be unsatisfactory. When the above insula 
tive space is more than 5 mm, it is not only be techni 
cally meaningless, but also may cause troubles in use. 
The present invention makes it possible to provide a 

method of determining the amount of the substances 
such as odor substances and bitter substances as well as 
ions such as Ca2+, Mg2+, Mn2+ and the like contained 
in the ionic solution or the non-deionized solution by 
use of a one side barrier-covered crystal oscillator, 
which method is capable of determining the amount of 
the substances and ions contained in the ionic solution 
or the non-deionized solution with the same precision in 
the order of nanogram as in the distilled water or deion 
ized water by measuring the frequency of the one side 
barrier-covered crystal oscillator in situ in the state that " 
the one side barrier-covered crystal oscillator is dipped 
in the ionic solution or the non-deionized solution with 
easy temperature control and stirring in the measure 
ment of the frequency without needing a large amount 
of ionic solution or non-deionized solution and of dis 
tilled water or without using the large-sized cell as in 
the prior'art, and -to provide the one side barrier-cov 
ered crystal oscillator used therefor. 
An example of the determination of the amount of 

bitter substances contained in the ionic solution accord 
ing to the present invention shows that the enzymatic 
decomposition of food such as protein often produces 
oligopeptides having a bitter taste to raise problems 
from the standpoint of taste in the presence of a large 
'amount of ions during the enzymatic decomposition of 
food, whereas the use of the one side barrier-covered 
crystal oscillator of the present invention makes it possi 
ble to determine the amount of the bitter substances 
while carrying out the enzymatic decomposition reac 
tion with the result that the one side barrier-covered 
crystal oscillator of the present invention is capable of 
being used as a sensor for reducing the production of 
bitter substances under controlled conditions. 
The present invention makes it possible to provide a 

method of determining the amount of the odor sub 
stances and/or bitter substances contained in the physi 
ological saline solution or the blood as the ionic solution 
with the same precision in the order of nanogram as in 
the distilled water or deionized water by use of the one 
side barrier-covered crystal oscillator and by measuring 
its frequency in situ in the state that the one side barrier 
covered crystal oscillator is dipped in the physiological 
saline solution or the blood, and to provide the one side 
barrier-covered crystal oscillator used therefor. That is, 
the determination of the amount of anesthetics con 
tained in the blood, for example, means that the deter 
mination of the amount of anesthetics actually con 
tained in the blood of a patient under operation by an 
inhalational anesthesia is made possible directly in situ 
with precision. 
The present invention makes it possible to provide a 

method of determining the amount of the bivalent metal 
ions such as Ca2+, Mg2+, Mn2+ and the like, particu 
larly Ca2+ ion contained in the serum or body fluids as 
the ionic solution with the same precision in the order of 
nanogram as in the distilled water or deionized water by 
use of the one side barrier-covered crystal oscillator and 
by measuring its frequency in situ in the state that the 
one side barrier-covered crystal oscillator is dipped in 
the serum or body ?uids, and to provide the one side 
barrier-covered crystal oscillator used therefor. 
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From the fact that the amount of Ca2+ ion contained 

in the blood and body ?uids is increased when man gets 
ill and a precise determination of the amount of Ca2+ 
ion therein is important from the standpoint of health 
control, the aforementioned effect of the present inven- 5 
tion is very useful from the standpoint of human health 
control. 
The present invention will be explained more in detail 

by the following Examples and Comparative Examples. 

EXAMPLE 1 

Dialkyl ammonium salt ion (2C1gN+2C1) from dioc 
tadecyldimethylammonium bromide 2C18N+2C1Br 
and polystyrene sulfonic acid ion (PSS-) from sodium 
poly(styrene-sulfonate) PSS-Na+ are reacted at 70° C. 
to form precipitates of a polyion complex, followed by 
reprecipitation and drying. In FIG. 1, the polyion com 
plex thus obtained is dissolved in chloroform and cast to 
a thickness of 0.5 pm as an immobilized bilayer ?lm on 
one electrode 20 of 5 mmtr electrodesl2a and 2b on both 
sides of a crystal plate 1 of a gold-electrode-9.00 MHz, 
AT-cut crystal oscillator. A silicone based polymer 
adhesive is coated around spaced in the radial direction 
by about 3 mm from the periphery of the electrode 2b 
on another side of the crystal plate 1, a silicone rubber 
plate 7 of 10 mm in length, 10 mm in width and 3 mm in 
thickness, a central part of which is hollowed out in the 
form of a circle of about 6 mm in diameter, is placed 
thereon to be sealed, the same adhesive 6b as the afore 
mentioned adhesive 60 is then coated thereon, a plastic 
plate 8 having a thickness of 0.2 to 1 mm is ‘placed on the 
adhesive 61; to be sealed and to form an insulative space 
3 and a barrier comprising the adhesives 3a, the silicone 
rubber plate 7, the adhesive 6b and the plastic plate 8, 
resulting in obtaining a one side barrier-covered crystal 
oscillator, one of the electrodes of which is covered 
with the barrier formed as above through the insulative 
space 3. 

40 
EXAMPLE 2 

To a physiological saline solution is added 20 ppm of 
halothane as the anesthetics to be subjected to the fol 
lowing experiment. 
The one side barrier-covered crystal oscillator ob 

tained in Example 1 is dipped into distilled water to 
measure its frequency. Thereafter, it is dipped into the 
physiological saline solution to adsorb the halothane 
onto the immobilized bilayer ?lm and to measure its 
frequency as it is with the result that frequency change 
due to adsorption of halothane is 115 Hz corresponding 
to 121 ng of halothane adsorbed. 

COMPARATIVE EXAMPLE 1 

The same frequency measurement procedures as in 
Example 2 are repeated except that the crystal oscillator 
is not covered with the barrier, resulting in producing 
no oscillation and in making the frequency measure 
ment impossible. 

COMPARATIVE EXAMPLE 2 

The procedures of Example 2 are repeated except 
that the crystal oscillator is not covered with the barrier ‘ 
and that frequency measurements only are carried out 
in distilled water with the result that a frequency 
change due to adsorption of halothane is 120 Hz corre- ' 
sponding to 126 ng of halothane adsorbed. 
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It is clear from the above results that Example 2 
provides substantially the same results as in Compara 
tive Example 2. 

EXAMPLE 3 

The same experiment as in Example 2 is repeated 
except for using 20 ppm of strychnine as bitter sub 
stances with the result that frequency change due to 
adsorption is 390 Hz corresponding to 410 ng of strych 
nine adsorbed. 

COMPARATIVE EXAMPLE 3 

The same frequency measurement procedures as in 
Example 3 are repeated except that the crystal oscillator 
is not covered with the barrier, resulting in producing 
no oscillation and in making the frequency measure 
ment impossible. 

COMPARATIVE EXAMPLE 4 

The same procedures as in Example 3 are repeated 
except that the crystal oscillator is not covered with the 
barrier and that the frequency measurement only is 
carried out in distilled water, resulting in that frequency 
change due to adsorption is 400 Hz corresponding to 
420 ng of strychnine adsorbed. 

EXAMPLE 4 

The procedures of Example 2 are repeated except 
that the frequency of the barrier-covered crystal oscilla 
tor obtained in Example 1 is measured in situ in the state 
that the barrier-covered crystal oscillator is dipped in an 
aqueous buffer solution having an ion concentration of 
0.1M and pH 7-8, and containing 20 ppm of oligopep 
tide, a bitter substance, formed by enzymatically de 
composing polysaccharide such as cellulose in the pres 
ence of an enzyme such as cellulase to determine the 
amount of the oligopeptide to be adsorbed, resulting in 
that frequency change due to adsorption is 40 Hz corre 
sponding to 42 ng of oligopeptide adsorbed. 

COMPARATIVE EXAMPLE 5 

The same frequency measurement procedures as in 
Example 4 are repeated except that the crystal oscillator 
is not covered with the barrier, resulting in producing 
no oscillation and in making the frequency measure 
ment impossible. 

COMPARATIVE EXAMPLE 6 

The same procedures as in Example 4 are repeated 
except that the crystal oscillator is not covered with the 
barrier and that the frequency measurement only is 
carried out in distilled water, resulting in that frequency 
change due to adsorption is 40 Hz corresponding to 42 
ng of oligopeptide adsorbed. 

EXAMPLE 5 
The frequency of a one side barrier-covered crystal ~ 

oscillator obtained in the same manner as in Example 1 
except that a l,3-ditetradecyl-glycerophosphoethanola 
mine bilayer ?lm is used, is measured in situ in the state 
that the, one side barrier-covered crystal oscillator is 
dipped in the blood to determine an amount to be chem 
ically bonded of CaZ- ion contained in the blood at a 
concentration of 100 ppm in the same manner as in 
Example 2, resulting in that frequency change due to 
chemical bonding is 47 Hz corresponding to 49 ng of 
Ca2— ion chemically bonded with the immobilized bi 
layer ?lm, 
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COMPARATIVE EXAMPLE 7 

The same frequency measurement procedures as in 
Example 5 are repeated except that the crystal oscillator 
is not covered with the barrier, resulting in producing 
no oscilation and in making the frequency measurement 
impossible. 

COMPARATIVE EXAMPLE 8 

The same procedures as in Example 5 are repeated 
except that the crystal oscillator is not covered with the 
barrier and that the frequency measurement only is 
carried out in distilled water, resulting in that frequency 
change due to chemical bonding is 50 Hz corresponding 
to 53 ng of Ca2+ ion chemically bonded with the immo 
bilized bilayer ?lm. 

It is clear from the above results that Example 5 
provides substantially the same results as in Compara 
tive Example 8. ' 

EXAMPLE 6 

The one side barrier-covered crystal oscillator ob 
tained in Example 1 is dipped into distilled water to 
measure its frequency. Thereafter, it is dipped into a 
commercially available beer to adsorb odor substances 
and bitter substances contained therein onto the immo 
bilized bilayer ?lm and to measure its frequency as it is, 
resulting in that frequency change due adsorption 1600 
Hz corresponding to 1680 ng of odor substances and 
bitter substances adsorbed. 

COMPARATIVE EXAMPLE 9 

The same frequency measurement procedures as in 
Example 6 are repeated except that the crystal oscillator 
is not covered with the barrier, resulting in producing 
no oscillation and in making the frequency measure 
ment impossible. 

EXAMPLE 7 

Procedures of Example 6 are repeated except that a 
marketed sake in place of the beer is used with the result 
that frequency change due to adsorption is 1300 Hz 
corresponding to 1365 ng of odor substances and bitter 
substances adsorbed. - 

COMPARATIVE EXAMPLE 10 

The same frequency measurement procedures as in 
Example 7 are repeated except that the crystal oscillator 
is not covered with the barrier, resulting in producing 
no oscillation and in making the frequency measure 
ment impossible. 

EXAMPLE 8 

Procedures of Example 6 are repeated except that a 
marketed milk in place of the beer is used with the result 
that frequency change due to adsorption is 2700 Hz 
corresponding to 2835 rig of odor substances and bitter 
substances adsorbed. 

COMPARATIVE EXAMPLE 1 l 

The same frequency measurement procedures as in 
Example 8 are repeated except that the crystal oscillator 
is not'covered with the barrier, resulting in producing 
n0 oscillation and in making the frequency measure 
ment impossible. 

5 

10 

25 

45 

50 

55 

60 

65 

12 

EXAMPLE 9 

Procedures of Example 6 are repeated except that a 
polyvinyl chloride polymer ?lm is used as an adsorption 
film with the result that frequency change due to ad 
sorption is 490 Hz corresponding to 515 ng of odor 
substances and bitter substances adsorbed. 

COMPARATIVE EXAMPLE 12 

The same frequency measurement procedures as in 
Example 9 are repeated except that the crystal oscillator 
is not covered with the barrier, resulting in producing 
no oscillation and in making the frequency measure 
ment impossible. 

EXAMPLE 10 

Procedures of Example 7 are repeated except that a 
polyvinyl chloride polymer ?lm is used as an adsorption 
?lm with the result that frequency change due to ad 
sorption is 820 corresponding to 872 ng of odor sub 
stances and bitter substances absorbed. 

COMPARATIVE EXAMPLE 13 

The same frequency measurement procedures as in 
Example 10 are repeated except that the crystal oscilla 
tor is not covered. with the barrier, resulting in produc 
ing no oscillation and in making the frequency measure 
ment impossible. ' 

EXAMPLE 1 1 

Procedures of Example 1 are repeated except that 
polystyrene is used in place of the polyion complex to 
obtain a one side barrier-covered crystal oscillator. 

EXAMPLE 12 
The one side barrier-covered crystal oscillator ob 

tained in Example ll is dipped into a physiological 
saline solution to measure its frequency. Thereafter, 
ethylalcohol is added to the physiological saline solu 
tion to such an amount to be 20% by weight to adsorb 
the ethylalcohol onto the polymer ?lm, followed by 
measuring its frequency as it is, resulting in that fre 
quency change due to adsorption is 600 Hz correspond 
ing to 630 ng of ethylalcohol adsorbed. 

COMPARATIVE EXAMPLE 14 

The same frequency measurement procedures as in 
Example 12 are repeated except that the crystal oscilla 
tor is not covered with the barrier, resulting in produc 
ing no oscillation in making the frequency measurement 
‘impossible. 

EXAMPLE 13 

Procedures of Example 12 are repeated except that a 
polyvinyl chloride polymer ?lm is used as an adsorption 
?lm with the result that frequency change due to ad-_ 
sorption is 510 Hz corresponding to 536 ng of odor 
substances and bitter substances adsorbed. 

COMPARATIVE EXAMPLE 15 
The same frequency measurement procedures as in 

Example 13 are repeated except that the crystal oscilla 
tor is not covered with the barrier, resulting in produc 
ing no oscillation and in making the frequency measure 
ment impossible. 
What is claimed is: 
1. A method of determining the amount of the sub 

stance or ions contained in one of an ionic solution and 
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a non-deionized solution by use of a one side barrier 
covered crystal oscillator, said method comprising the 
steps of: 

covering over one of two electrodes of the crystal 
oscillator through a predetermined insulative space 
substantially without being brought into contact 
therewith with a barrier to prevent the one of the 
ionic solution and the non-deionized solution from 
permeating therethrough, 

casting an absorption ?lm onto the other electrode of 
the crystal oscillator, 

dipping the one side barrier-covered crystal oscillator 
into the one of the ionic solution and the non-deion 
ized solution, 

one of absorbing the substances contained in the one 
of the ionic solution and the non-deionized solution 
onto the absorption ?lm and chemically bonding 
the ions therein with the absorption ?lm, and 

measuring frequency changes before and after the 
one of absorption and chemical bonding in situ in a 
state that the barrier-covered crystal oscillator is 
dipped in the one of the ionic solution and the 
non-deionized solution to determine the amount of 
the substances or ions contained in the one of the 
ionic solution and the non-deionized solution. 

2. A method as claimed in claim 1, wherein said ionic 
solution is selected from the group consisting of physio 
logical saline solution, blood, serum and body fluids. 

3. A method as claimed in claim 1, wherein the sub 
stances contained in the ionic solution or the non-deion 
ized solution are odor substances and/or bitter sub 
stances. . 

4. A method as claimed in claim 1, wherein the prede 
termined insulative space is in the range of from 0.5 mm 
to 5 mm as a distance from the surface of the electrode 
in the direction normal to the adjacent surface of the 
barrier. 

5. A method as claimed in claim 1, wherein the ions 
contained in the ionic solution are bivalent metal ions 
and the absorption ?lm is an immobilized bilayer ?lm 
being a phosphoethanolamine based phospholipid bi 
layer ?lm. 

6. A method as claimed in claim 1, wherein the bar 
rier is formed by one of adhering one of a single side of 
a silicone rubber and a single side of a plastic material 
onto the plate of the crystal oscillator around the one 
electrode with a silicone based polymer adhesive fol 
lowed by adhering on another side of the one of silicone 
rubber and plastic material a plastic sheet with the sili 
cone based polymer adhesive, and, adhering a plastic 
sheet on one of a silicone rubber and plastic material 
with the silicone based polymer adhesive followed by 
adhering one of the silicone rubber and the plastic mate 
rial on the crystal plate around the electrode with the 
silicone based adhesive so that the electrode may be 
covered through the predetermined insulative space 
with the barrier thus formed. 

7. A method as claimed in claim 1, wherein the bar 
rier is formed by adhering a plastic sheet cover onto the 
plate of the crystal oscillator around the one electrode 
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with a silicone based polymer adhesive so as to be 
sealed and thereby form the predetermined insulative 
space. 

8. A method as claimed in claim 1, wherein the bar 
rier is formed integrally with the plate of the crystal 
oscillator so as to form the predetermined insulative 
space. 

9. A one side barrier-covered crystal oscillator used 
in a method of determining the amount of the sub 
stances or ions contained in one of an ionic solution and 
a non-deionized solution, said one side barrier-covered 
crystal oscillator comprising: 

a crystal oscillator, 
a barrier to cover over one electrode of the crystal 

oscillator through a predetermined insulative space 
so as to prevent one of the ionic solution and the 
non-deionized solution from permeating there 
through, and 

an adsorption ?lm cast on another electrode of the 
crystal oscillator 

wherein said one side barrier-covered crystal oscilla 
tor is dipped into the one of the ionic solution and 
non-deionized solution, 

> wherein substances contained in the one of the ionic 
solution and the non~deionized solution are one of 
adsorbed ‘onto the adsorption ?lm and chemically 
bonded with the adsorption ?lm, and 

wherein frequency changes before and after the one 
of adsorbing and chemical bonding are measured in 
situ in the state that the one side barrier-covered 
crystal oscillator is dipped in the solution to deter 
mine an amount of substances contained in the 
solution. 

10. A barrier-covered crystal oscillator as claimed in 
claim 9, wherein both electrodes are gold electrodes. 

11. A barrier-covered crystal oscillator as claimed in 
claim 9, wherein the predetermined insulative space is 
in the range of from 0.5 mm to 5 mm as a distance from 
the surface. 

12. A barrier—covered crystal oscillator as claimed in 
claim 9, wherein the barrier comprises one of a silicone 
rubber and a plastic material, one side of which is ad 
hered onto the plate of the crystal oscilator around the 
one electrode and a plastic sheet adhered to a second 
side of the one of the silicone rubber and plastic material 
so as to be sealed and thereby form the predetermined 
insulative space. 

13. A barrier-covered crystal oscillator as claimed in 
claim 9, wherein the barrier is formed by adhering a 
plastic sheet cover onto the plate of the crystal oscilla 
tor around the on electrode with a silicone based poly 
mer adhesive so as to be sealed and form the predeter 

, mined insulative space. 
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14. A barrier-covered crystal oscillator as claimed in 
claim 9, wherein the barrier is formed integrally with 
the plate of the crystal oscillator by allowing a crystal . 
plate cover to be joined with the crystal plate so as to 
form the predetermined insulative space. 

* * * * i 


